In this research, structural, magnetic properties and photocatalytic activity of cobalt ferrite spinel (CoFe2O4) nanoparticles were studied. The samples were characterized by X-ray powder diffraction (XRD), energy dispersive X-ray (EDX), scanning electron microscopy (SEM), transmission electronic microscopy (TEM), Brunauer?Emmett?Teller (BET), Fourier transform infrared spectroscopy (FTIR), and UV-visible diffused reflectance spectroscopy (DRS) analysis. The XRD analysis revealed the formation of the single-phase CoFe2O4 with a cubic structure that is annealed at 500?700 °C in 3 h. The optical band gap energy for CoFe2O4 was determined to be in the range of 1.57?2.03 eV. The effect on the magnetic properties of cobalt ferrites was analyzed by using a vibrating sample magnetometer (VSM). The particle size and the saturation magnetization of cobalt ferrite nanoparticles increased with increasing annealing temperature. The photocatalytic activity of CoFe2O4 nanoparticles was investigated by using rhodamine B dye under visible light. The decomposition of rhodamine B reached 90.6% after 270 min lighting with the presence of H2O2 and CF500 sample.
Introduction
Among many ferrites, cobalt ferrite magnetic nanoparticles are attracting much attention because of their high coercivity, magnetocrystalline anisotropy, moderate saturation magnetization, chemical stability, wear resistance, electrical insulation, and structure [1] . Structurally, in the inverse spinel of the ferrite, tetrahedral sites are generally occupied by Fe 3+ ions, whereas octahedral sites (B-sites) are inhabited by Co 2+ and Fe 3+ ions [2] . To alter structure and magnetic properties of ferrite nanoparticles, it is necessary to modify their composition and microstructures via different preparation routes [2] . CoFe 2 O 4 nanoparticles were previously prepared by a wide array of synthesis routines, such as sol-gel [3, 4] , hydrothermal method [5] , chemical co-precipitation [6, 7] , solvothermal [8] , solid-state method [9] , and solution combustion [10] [11] [12] [13] . For each synthesis method, it was found that the annealed temperature played a key role in determining the structure and properties of the obtained product. In recent years, photocatalytic oxidation of various dyes using ferrites has drawn a great deal of attention, opening new trends in the environmental remediation [14] [15] [16] .
Currently, contamination of the water environment has been alarming due to the widespread use of organic compounds in manufacturing processes and the rapid development of dyeing industries. These dye compounds existing in water pose a direct threat to public health and to animal and aquatic life due to their toxicity, endocrine-disrupting capability, and mutagenic or potentially carcinogenic properties [17] . One of the most effective methods of solving this problem is advanced oxidation processes (AOPs). Among different AOPs, the photo-Fenton-like reaction was widely studied because it can produce more oxidative species such as hydroxyl radicals ( • OH) to accelerate the reaction [18] . This method is based on the use of semiconductors and oxidant and light sources to perform the decomposition of organic matter. The advantages of the photo-Fenton processes consist of environmental friendliness and the ability to decompose completely organic pollutants into non-toxic inorganic substances, these being CO 2 and H 2 O. Spinel ferrite materials have received wide application as photocatalysts due to their structural composition and thermal and chemical stability toward various reaction conditions [18] . The photo-Fenton reagent using ferrite can be easily recovered from the solution by an external magnetic field and is available for reutilization.
Abul Kalam et al. reported the photocatalytic activity of cobalt ferrite magnetic nanoparticles for degradation of methylene blue with H 2 O 2 under visible light irradiation, and achieved very good performance [15] . P. Annie Vinosha et al. synthesized NiFe 2 O 4 by co-precipitation technique. The photocatalytic application for the synthesized sample was studied for the degradation of methylene blue dye. In the presence of H 2 O 2 and ferrites, methylene blue degradation efficiency reached~30% in the dark but degradation improved to~99% in the irradiation light [19] . MgFe 2 O 4 nanoparticles synthesized by a solution combustion method exhibited a high ability for Photo-Fenton-like degradation of methylene blue [20] . In the photo-Fenton processes, hydrogen peroxide is used commonly as an oxidant. Hydrogen peroxide is safe and easy to handle and poses no lasting environmental threat because it readily decomposes to water and oxygen [17] .
One of the major pollutants discharged from various industries is dyes [21] [22] [23] . Previous reports have revealed that thousands of new dyes have been synthesized and commercialized, with the total amount of approximately one million tons being consumed throughout the world [24, 25] . Ever-increasing utilization and direct discharge without treatment of colored effluents have been considered as a problematic obstacle, affecting the photosynthesis of aquatic lives because of the reduction of the ability of light penetration [26] . Amid the most emergent synthetic dyes, rhodamine B (RhB) is a virtually hazardous and non-biodegradable dye [27] . In chemical essence, this compound is categorized as a cationic and soluble dye, in accordance with the existence of highly stable tertiary amine and carboxylic groups in its molecular structure. It is thus found to have a profound impact on living creatures as well as ambient environment via a range of approaches on direct or indirect exposure [28] . With such harmful and dangerous properties to many organisms, effective removal of dyes from wastewater is essential, but currently remains a challenge [29] .
To eliminate the RhB contamination in wastewater, the adoption manifold feasible methods has been suggested, involving adsorption [30] , electro-Fenton process [31] , and microfiltration membrane [32] . For instance, Tawfik et al. synthesized the nano-sized polyamide-grafted carbon microspheres via interfacial polymerization, exhibiting a promising adsorption performance towards RhB at 19.9 mg/g [33] . Recently, Mustafa et al. have successfully attained a kind of eco-friendly activated carbon-based modified nanocomposite that combined carbon with bimetallic Fe and Ce nanoparticles [34] . Regardless of giving promising results in high surface area (~423 m 2 ·g −1 ) and adsorption capacity (324.6 m 2 ·g −1 ) towards RhB, the complicated preparation procedure limits applications of the synthesized nanocomposite. On the other hand, although the introduction of Processes 2019, 7, 885 3 of 14 minerals as adsorbents for treating RhB have been developed, such approaches seem to confront many obstacles relating to material stability, recyclability, fabrication cost, and the reliance on post-treatment separation [35] [36] [37] . With high stability, magnetism, and photocatalysis, CoFe 2 O 4 nanoparticles are expected to deal with RhB pollution in water efficiently.
In this present report, the spinel cobalt ferrites nanoparticles are characterized for their structural, morphological, optical, and magnetic properties using various methods. In addition, the photocatalytic activity of samples was investigated by the degradation process of rhodamine B. 
Materials and Methods

Materials
, and hydrogen peroxide were obtained from Merck and used as received, without further purification.
Synthesis of CoFe 2 O 4 Nanoparticles
The synthesis of cobalt ferrite was performed via solution combustion method using urea as fuel [11] . The process commenced with the dissolution of urea in the water, followed by the addition of Co(NO 3 ) 2 ·6H 2 O and Fe(NO 3 ) 3 ·9H 2 O at an appropriate amount and mole ratio under vigorous stirring. The resultant mixed solution was stirred further to afford a gel, which was then subjected to heating at 70 • C for 12 h in an oven. The obtained powder product was calcined at four different temperatures ranging from 500 to 800 • C for 3 h with a heat rate of 5 • C min −1 , and the subsequent products were labeled as CF500, CF600, CF700, and CF800 respectively.
Characterizations
The first characterization involved determining the crystallite size, r, of spinel using Scherrer's formula as follows:
where λ, k, β, and θ are the X-ray wavelength, Scherrer's constant (k = 0.89), the full width at half maximum observed in radians, and the angle of diffraction of the (311) peak with the highest intensity, respectively. θ and β were obtained via X-ray diffraction (XRD) results using a D8 Advance diffractometer (Brucker, Madison, WI, USA) instrument with CuK α radiation (λ = 1.5406 Å) in a 2θ angle ranging from 20 to 70 • with a step of 0.03 • . The second characterization regarding morphology of the particles was obtained via scanning electron microscope (SEM, Hitachi S-4800, Tokyo, Japan) and transmission electron microscopy (TEM, JEOL-JEM-1010, Tokyo, Japan). The composition of the samples was analyzed by energy dispersive X-ray spectroscopy (EDX, JEOL JED 2300 Analysis Station, Tokyo, Japan). N 2 -sorption investigation was performed to obtain the Bet-specific surface area of the product. A surface analyzer instrument (a Quantachrome Nova 2200, Boynton Beach, FL, USA) was employed to obtain the isotherm at 77 K. The specific surface area was calculated via the Brunauer-Emmet-Teller (BET) method. The spinel structure was affirmed by Fourier transform infrared spectroscopy (FTIR Affinity-1S, Shimadzu, Tokyo, Japan). A UV-VIS absorption spectrometer (U-4100, Hitachi, Japan) was employed to obtain the optical absorption spectra. To elaborate magnetic properties of samples, a vibrating sample magnetometer (VSM, Ha Noi, Vietnam) operating at room temperature was utilized.
Photocatalytic Degradation of Rhodamine B
Multiple ferrite samples synthesized at different annealing temperatures were examined for photodegradation performance against Rhodamine B (RhB) aqueous solution. The irradiation source was 30 W LED lamps (Philips). The experiment commenced with the addition of 100 mg of ferrite sample into 100 mL of 10 mg. L −1 RhB aqueous solution. Following that, stirring was carried out in the dark for 30 min to allow the solution to reach the adsorption-desorption equilibrium state, followed by the addition of 1.5 mL of 30% H 2 O 2 . Consequently, visible light irradiation started and the reaction took place under stirring. After specific periods, 5 mL of aliquots were removed and subjected to centrifugation for particle separation. RhB concentration was determined using an ultraviolet-visible spectrophotometer (UV-1700 Shimadzu, Tokyo, Japan) at 553 nm. The degradation efficiency of the ferrite against RhB (H) was calculated as follows:
where C is the concentration of RhB. The subscript 0 and t denote equilibrium state and time (t) after irradiation, respectively.
Results and Discussion
Structural Analysis
Different XRD patterns of cobalt ferrites corresponding to different annealing temperatures are shown in Figure 1 . The reflection peaks corresponded to the characteristic spacing between (220), (311), (400), (511), and (440) plans of a cubic spinel structure, providing clear evidence of the formation of cobalt ferrite (JCPDS number 22-1086) [5] . α-Fe 2 O 3 peaks corresponding to secondary impurities were observed for the sample annealed at 800 • C, which was possibly caused by sample decomposition [38] . Table 1 lists the average crystallite size (r), calculated using (1), and the lattice parameter (a), obtained using the formula a 2 = d 2 /(h 2 + k 2 + l 2 ) with inputs obtained from X-ray diffraction data. The mean crystallite size ranged from 9 to 29 nm and increased with elevated annealing temperature [29] . The lattice parameter for the samples of cobalt ferrites nanoparticles varied from 8.3347 to 8.3745 Å. Multiple ferrite samples synthesized at different annealing temperatures were examined for photodegradation performance against Rhodamine B (RhB) aqueous solution. The irradiation source was 30 W LED lamps (Philips). The experiment commenced with the addition of 100 mg of ferrite sample into 100 mL of 10 mg. L -1 RhB aqueous solution. Following that, stirring was carried out in the dark for 30 min to allow the solution to reach the adsorption-desorption equilibrium state, followed by the addition of 1.5 mL of 30% H2O2. Consequently, visible light irradiation started and the reaction took place under stirring. After specific periods, 5 mL of aliquots were removed and subjected to centrifugation for particle separation. RhB concentration was determined using an ultraviolet-visible spectrophotometer (UV-1700 Shimadzu, Tokyo, Japan) at 553 nm. The degradation efficiency of the ferrite against RhB (H) was calculated as follows:
Results and Discussion
Structural Analysis
Different XRD patterns of cobalt ferrites corresponding to different annealing temperatures are shown in Figure 1 . The reflection peaks corresponded to the characteristic spacing between (220), (311), (400), (511), and (440) plans of a cubic spinel structure, providing clear evidence of the formation of cobalt ferrite (JCPDS number 22-1086) [5] . α-Fe2O3 peaks corresponding to secondary impurities were observed for the sample annealed at 800 °C, which was possibly caused by sample decomposition [38] . Table 1 lists the average crystallite size (r), calculated using (1), and the lattice parameter (a), obtained using the formula a 2 = d 2 /(h 2 + k 2 + l 2 ) with inputs obtained from X-ray diffraction data. The mean crystallite size ranged from 9 to 29 nm and increased with elevated annealing temperature [29] . The lattice parameter for the samples of cobalt ferrites nanoparticles varied from 8.3347 to 8.3745 Å. Figure 2 . The cobalt ferrite samples exhibited two vibration bands at wave number 522-532 cm −1 (ν 1 ) and at 408-412 cm −1 (ν 2 ), corresponding to the stretching vibration of the M-O bond in tetrahedral and octahedral sites ( Table 1) . A. Kalam et al. [15] observed that the vibration mode between tetrahedral metal ion and oxygen complex gives rise to the high-frequency band in the range of 597-615 cm −1 , whereas stretching vibration between octahedral metal ion and oxygen complex gives rise to the weak frequency band in the range of 412-400 cm −1 in the case of cobalt ferrite, which is an inverse spinel ferrite.
The FTIR results confirmed that the samples had a spinel structure of CoFe 2 O 4 , which was revealed by the XRD results. FTIR spectra of CoFe2O4 nanoparticles annealed at different temperatures are displayed in Figure 2 . The cobalt ferrite samples exhibited two vibration bands at wave number 522-532 cm -1 (ν1) and at 408-412 cm -1 (ν2), corresponding to the stretching vibration of the M-O bond in tetrahedral and octahedral sites ( Table 1) . A. Kalam et al. [15] observed that the vibration mode between tetrahedral metal ion and oxygen complex gives rise to the high-frequency band in the range of 597-615 cm -1 , whereas stretching vibration between octahedral metal ion and oxygen complex gives rise to the weak frequency band in the range of 412-400 cm -1 in the case of cobalt ferrite, which is an inverse spinel ferrite.
The FTIR results confirmed that the samples had a spinel structure of CoFe2O4, which was revealed by the XRD results. Figure 3 shows the SEM micrographs of CoFe2O4 nanoparticles annealed at different temperatures. The SEM images indicated that particles were agglomerated and spherical. In addition, the crystalline size of the samples seemed to increase proportionally with annealing temperature, which was consistent with the results of XRD analysis. The agglomeration could be explained by the interaction between magnetic particles that occurred during annealing under high temperatures. In addition, it was previously found that higher annealing temperature inevitably causes moderate agglomeration [2] . Figure 3 shows the SEM micrographs of CoFe 2 O 4 nanoparticles annealed at different temperatures. The SEM images indicated that particles were agglomerated and spherical. In addition, the crystalline size of the samples seemed to increase proportionally with annealing temperature, which was consistent with the results of XRD analysis. The agglomeration could be explained by the interaction between magnetic particles that occurred during annealing under high temperatures. In addition, it was previously found that higher annealing temperature inevitably causes moderate agglomeration [2] . Isotherm of N2 adsorption-desorption of products annealed at 500-800 °C are displayed in Figure 5 . The decrease in the cobalt ferrites surface area was observed with the increase in annealing temperature ( Table 1 ). The CoFe2O4 nanoparticles synthesized at 500 °C achieved the highest specific surface area of 12.69 m 2 ·g -1 .
Thus, annealing temperature affected the particle size, morphology, and surface area of cobalt ferrites. Isotherm of N2 adsorption-desorption of products annealed at 500-800 °C are displayed in Figure 5 . The decrease in the cobalt ferrites surface area was observed with the increase in annealing temperature ( Table 1 ). The CoFe2O4 nanoparticles synthesized at 500 °C achieved the highest specific surface area of 12.69 m 2 ·g -1 .
Thus, annealing temperature affected the particle size, morphology, and surface area of cobalt ferrites. Isotherm of N 2 adsorption-desorption of products annealed at 500-800 • C are displayed in Figure 5 . The decrease in the cobalt ferrites surface area was observed with the increase in annealing temperature ( Table 1 ). The CoFe 2 O 4 nanoparticles synthesized at 500 • C achieved the highest specific surface area of 12.69 m 2 ·g −1 .
Thus, annealing temperature affected the particle size, morphology, and surface area of cobalt ferrites. 
where hν, α, A, and n represent energy of the photon, the absorption coefficient, the material parameter, and the transition parameter, respectively. n = 2 represents indirect transitions [41] . To determine the optical band gap energy (Eg), (αhν) 2 was plotted against photon energy (hν) to produce multiple Wood-Tauc plots ( Figure 6 ). The band gap values of CF500, CF600, CF700, and CF800 samples were found to be 1.57, 1.66, 1.90, and 2.03 eV, respectively. This indicated that the annealing affected the optical band gap energy of CoFe2O4 nanoparticles. The optical band gap energy value increased with increasing temperature in annealed samples. Kubelka-Munk model was employed to calculate the band gaps (E g ) of CoFe 2 O 4 nanoparticles using the absorption coefficient (α) calculated from diffuse reflectance spectra (DRS), as follows [39, 40] :
where F(R) is the Kubelka-Munk function, α is the absorption coefficient, and R is the reflectance. The band gap energy (E g ) of CoFe 2 O 4 nanoparticles can be calculated by the following equation:
where hν, α, A, and n represent energy of the photon, the absorption coefficient, the material parameter, and the transition parameter, respectively. n = 2 represents indirect transitions [41] . To determine the optical band gap energy (E g ), (αhν) 2 was plotted against photon energy (hν) to produce multiple Wood-Tauc plots ( Figure 6 ). The band gap values of CF500, CF600, CF700, and CF800 samples were found to be 1.57, 1.66, 1.90, and 2.03 eV, respectively. This indicated that the annealing affected the optical band gap energy of CoFe 2 O 4 nanoparticles. The optical band gap energy value increased with increasing temperature in annealed samples. 
Magnetic Properties
The magnetic properties of ferrites could be largely determined by various elements such as density, grain size, anisotropy, and A-B exchange interactions [1] . In this investigation, obtained ferrite products annealed at different temperatures were subjected to M-H hysteresis measurements carried out at room temperature. Various magnetic properties including saturation magnetization (Ms), coercivity (Hc), and remanent magnetization (Mr) are listed in Figure 7 and Table 2 . It was observed that Ms value showed a positive correlation with particle size. This was in line with Kumar et al., suggesting that increased particle size could lead to improved magnetization [2] . 
The magnetic properties of ferrites could be largely determined by various elements such as density, grain size, anisotropy, and A-B exchange interactions [1] . In this investigation, obtained ferrite products annealed at different temperatures were subjected to M-H hysteresis measurements carried out at room temperature. Various magnetic properties including saturation magnetization (M s ), coercivity (H c ), and remanent magnetization (M r ) are listed in Figure 7 and Table 2 . It was observed that M s value showed a positive correlation with particle size. This was in line with Kumar et al., suggesting that increased particle size could lead to improved magnetization [2] . Figure 8 represented the photocatalytic degradation of RhB versus irradiation time in different conditions. Generally, absorption peaks observed at 501 and 553 nm could be attributable to the absorption fully de-ethylated and tetraethylated rhodamine B molecules, respectively [41] . The role of oxidant and catalyst was further elaborated by performing reactions under typical conditions that were neither H2O2 nor CoFe2O4. Firstly, RhB degradation efficiency reached a marginal percentage, at just 10.2%, under visible light after 270 min in the sole presence of H2O2. This implied that RhB dye could be hardly photodegraded in the absence of CoFe2O4 catalyst. In the presence of CoFe2O4 sample without oxidation reagent H2O2, RhB degradation efficiency achieved 9.4% (in the dark) and 32.5% (under light irradiation) after 270 min. In the absence of light, 21.3% of RhB was degraded while using both CoFe2O4 and H2O2. Abul et al. also observed similar results by using CoFe2O4 as a catalyst for the degradation of methylene blue in liquid under air atmosphere [15] . Figure 8 represented the photocatalytic degradation of RhB versus irradiation time in different conditions. Generally, absorption peaks observed at 501 and 553 nm could be attributable to the absorption fully de-ethylated and tetraethylated rhodamine B molecules, respectively [41] . [15] .
Photochemical Activities
Grasping this improvement, we speculated about an even better photodegradation efficiency when CoFe 2 O 4 and H 2 O 2 were combined for the next photoreaction. Photocatalyzed degradation efficiency (%) towards RhB under visible light irradiation and in the presence of CoFe 2 O 4 and H 2 O 2 against the interval irradiation time is indicated in the UV-visible spectra in Figure 9 . Indeed, all the samples of CoFe 2 O 4 (CF) nanoparticles offered an enhancement in catalytic performance, but the percentages of RhB decomposition varied according to the distinct annealing temperature (500, 600, 700, and 800 • C). The photocatalytic degradation efficiency of RhB was evaluated at about 90.6%, 67.6%, 51.6%, and 42.8% after 270 min of lighting in the presence of H 2 O 2 and CF500, CF600, CF700, and CF800, respectively. Grasping this improvement, we speculated about an even better photodegradation efficiency when CoFe2O4 and H2O2 were combined for the next photoreaction. Photocatalyzed degradation efficiency (%) towards RhB under visible light irradiation and in the presence of CoFe2O4 and H2O2 against the interval irradiation time is indicated in the UV-visible spectra in Figure 9 . Indeed, all the samples of CoFe2O4 (CF) nanoparticles offered an enhancement in catalytic performance, but the percentages of RhB decomposition varied according to the distinct annealing temperature (500, 600, 700, and 800 °C). The photocatalytic degradation efficiency of RhB was evaluated at about 90.6%, 67.6%, 51.6%, and 42.8% after 270 min of lighting in the presence of H2O2 and CF500, CF600, CF700, and CF800, respectively.
The pollutant degradation rate could be substantially increased due to highly oxidative hydroxyl ( • OH) radicals created by the heterogeneous photo-Fenton process, in the presence of spinel ferrite as a heterogeneous catalyst, using H2O2 as oxidant under light irradiation [15, 42] . The mechanism of the heterogeneous photo-Fenton reaction was shown according to the following equations:
where Fe 3+ and Fe 2+ represent the iron species on the surface of a heterogeneous catalyst.
Due to Fe(II, III) cycling, the stability of the ferrite system is maintained during the degradation process and the active species are generated continuously [15] .
The peak photocatalytic degradation efficiency for CF500 (90.6%) was due to the effective crystallite size (9 nm), separation, and prevention of electron-hole pair (e − /h + ) recombination [43] . Photocatalytic performance of CF500 with the largest degradation rate could be interpreted via plausible hypotheses based on the following foundations:
(i) It was found that CF500 possessed the lowest pore sizes, which is indicative of a high surface area of nanoparticles. This could accelerate the adsorption of RhB molecules on the surface, leading to a higher likelihood of • OH radical formation [43] . (ii) More importantly, CF500 nanoparticles with the lowest bandgap (1.57 eV) were more likely to form the electron-hole pair under visible light irradiation, dominating the charge carriers with oxidation of RhB [15] . (iii) Samples that were calcined at a higher temperature had greater band gap values, which possibly deferred the electron-hole pair recombination induced by visible light irradiation [44] . Figure 10 depicted the plots with different pseudo first order rates, which were obtained by fitting the following equation:
where C is the RhB concentration. The subscripts 0 and t denote initial state and time t after irradiation. k is the pseudo first order rate kinetics.
With the higher the coefficient of determination (R 2 > 0.9), the proposed model was highly compatible [45, 46] . The estimated parameters, including pseudo first order rate constant k values and R 2 values, are shown in Table 3 . The first order rate constant for CF500 was 0.839 × 10 -2 min -1 , and it was 3.9 times faster than that of CF800. High R 2 values also confirmed the adherence of the photocatalytic degradation of RhB to the first order kinetics. The pollutant degradation rate could be substantially increased due to highly oxidative hydroxyl ( • OH) radicals created by the heterogeneous photo-Fenton process, in the presence of spinel ferrite as a heterogeneous catalyst, using H 2 O 2 as oxidant under light irradiation [15, 42] . The mechanism of the heterogeneous photo-Fenton reaction was shown according to the following equations:
where C is the RhB concentration. The subscripts 0 and t denote initial state and time t after irradiation. k is the pseudo first order rate kinetics. With the higher the coefficient of determination (R 2 > 0.9), the proposed model was highly compatible [45, 46] . The estimated parameters, including pseudo first order rate constant k values and R 2 values, are shown in Table 3 . The first order rate constant for CF500 was 0.839 × 10 −2 min −1 , and it was 3.9 times faster than that of CF800. High R 2 values also confirmed the adherence of the photocatalytic degradation of RhB to the first order kinetics. Figure 10 depicted the plots with different pseudo first order rates, which were obtained by fitting the following equation:
With the higher the coefficient of determination (R 2 > 0.9), the proposed model was highly compatible [45, 46] . The estimated parameters, including pseudo first order rate constant k values and R 2 values, are shown in Table 3 . The first order rate constant for CF500 was 0.839 × 10 -2 min -1 , and it was 3.9 times faster than that of CF800. High R 2 values also confirmed the adherence of the photocatalytic degradation of RhB to the first order kinetics. 
Conclusions
CoFe 2 O 4 spinel nanoparticles were successfully synthesized via solution combustion method using urea as a fuel. The effect of annealing temperature on phase composition, morphology, optical property, and magnetic properties of CoFe 2 O 4 materials was studied. The crystallite size calculated by the Scherer formula increased from 9 to 29 nm with an increase in the annealing temperature. By elevating the annealing temperature, it was found that the band gap energy value and saturation magnetization of CoFe 2 O 4 spinel were also accordingly increased. The photocatalytic degradation against RhB dye of CoFe 2 O 4 spinel decreased with increasing annealed temperature. Among all the cobalt ferrite samples, CF500 exhibited an enhanced degradation efficiency of 90.6% at a visible light exposure time of 270 min. The first-order rate constant for CF500 was 0.839 × 10 −2 min −1 and was 3.9 times faster than CF800. The photocatalytic degradation of RhB dye followed first order kinetics. The current results suggest a possible application of cobalt ferrites nanoparticles in treatment of dye-contaminated water.
